Developing a Hybrid Mathematical Model for 360-Degree Performance Appraisal: A Case Study  by Sepehrirad, Ramin et al.
 Procedia - Social and Behavioral Sciences  62 ( 2012 )  844 – 848 
1877-0428 © 2012 Published by Elsevier Ltd. Selection and/or peer review under responsibility of Prof. Dr. Hüseyin Arasli
doi: 10.1016/j.sbspro.2012.09.142 
WC-BEM 2012 
Developing a hybrid mathematical model for 360-degree 
performance appraisal: A case study 
Ramin Sepehrirad *, Adel Azar, Arash Sadeghi 
Department of Management, Faculty of Management & Economy, Tarbiat Modares University, P.O. Box 14155-4838, Tehran, Iran 
 
Abstract 
This paper aims to develop a mathematical model for 360-degree performance appraisal in which subjective assessments are 
weighted and aggregated based on different appraisal sources. In this way, performance appraisal criteria are derived from the 
literature and are categorized according to the characteristics of National Iranian Productivity Organization (NIPO) using Delphi 
method. Then, fuzzy AHP technique is utilized to calculate the importance of each appraisal criterion and each evaluation 
alculated based on three scenarios through the aggregation models (using 
816 mathematical models) from de (2010a). The findings of this paper reveal that 
aggregation model in final stage. Finally, the performance scores are compared with SAW method. Moreover, the ranking of 
employees in each organizational level are presented with TOPSIS technique. 
Keywords: 360-degree performance appraisal, mathematical model, Delphi method, fuzzy AHP,SAW method, TOPSIS; 
1. Introduction 
Because of the critical linkages of performance appraisal with selection, retention, promotion, layoffs, 
compensation, human resource planning and training, it plays a key role in human resource management (Ferris, 
Munyon et al. 2008; Moon, Lee et al. 2010). Traditional top-down appraisal was carried out by executive managers 
( -Lapresta et al. 2010b). Fletcher (2001) argued that it is necessary to consider other sources in 
appraisal due to the significant changes in organizational structures, processes and cultures. In addition, 
developmental functions of appraisal are more emphasized in recent literature (Chenhall and Langfield-Smith 2007). 
 To overcome the limitations of top-down performance evaluation, 360-degree method uses various sources such 
as supervisors, peers, subordinates and the employees themselves and also provides multiple perspectives of the 
in order to reduce the subjective assessment errors. Despite the advantages of this method, 
many organizations tend to use some methods such as narrative comments which only depends on 
opinion (Brutus 2010; -Lapresta et al. 2010a).  
360-degree appraisal is a result of a more general phenomenon called multi source feedback. Researchers 
introduce five major usages of 360-degree feedback: change in culture, career development, performance evaluation, 
exploring the potentials and team effectiveness (Neely, Mills et al. 2000; McCarthy and Thomas N. 2001; Neely, 
Gregory et al. 2005). Functions of a performance appraisal system could be classified as: developmental, 
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administrative, organizational maintenance and documentation usages (Fisher, Schoenfeldt et al. 2006). Despite its 
precious advantages, there are few researches developing a specific framework for implementing 360-degree 
method. Table 1 indicates some quantitative papers in which researchers tried to develop a practical framework for 
360-degree appraisal method using mathematical programming or MCDM techniques. 
Table 1.Literature review 
To overcome stated deficiencies of appraisal systems in this paper, we propose a framework for 360-degree 
performance appraisal using mathematical models and an implementation in a case study, NIPO. Our framework 
benefits from an aggregation model proposed by de the subjective and 
linguistic nature of expert comments about importance of evaluation criteria we use fuzzy AHP for weighting 
criteria and different appraisal sources. We also propose that it is better not to us aggregation model in 
the final stage (computing the global values of each employee), instead we suggest utilizing SAW (Simple Additive 
weighting) method. Finally TOPSIS will be used to rank employees in each organizational level separately. 
2. Research Method 
As mentioned before, the main purpose of this paper is to develop a hybrid mathematical model for 360-degree 
appraisal. Hence, firstly the appraisal criteria are derived and matched with the organizational context (Neely, 
Richards et al. 1997)  using Delphi method. Then, the criteria are classified into three groups of skills (Katz 
1974) in addition to another group, individual characteristics, proposed by experts. Finally, appraisal scores are 
s of individuals calculated using 
SAW method. It is also worthy of note that methodologies are not explained in detail due to space limitations. Yet, it 
is tried to give enough of the general approach to enable the reader to follow the paper with ease and primary 
references are mentioned for enthusiasts. 
2.1. Case study 
Islamic Republic of Iran joined APO (Asian Productivity Organization) in 1965, suspended its membership in 1978, 
and reactivated its membership again in 1985. Also, National Iranian Productivity Organization (NIPO) was 
established in 1992. There are 20 individuals working in four levels of organizational hierarchy. In this paper, the 
proposed hybrid model is used to evaluate all employees, consultants and managers. 
2.2.  Data gathering 
In the first step, we derived 91 criteria for performance appraisal reviewing the literature and categorized them into 
four group: technical, interpersonal and conceptual skills according to Katz (1974), and individual characteristics 
according to NIPO experts. Since performance measures must be adapted to organization strategy, structure and 
goals (Lynch and Cross 1993; Kaplan and Norton 1996; Neely, Richards et al. 1997), Delphi method is utilized to 
ensure suitability of criteria for NIPO. Finally, experts reached a consensus on 19 criteria.  
In the next step, paired comparison questionnaires were delivered to experts to evaluate the importance (weight) of 
each criterion and each source of appraisal (in 360-degree method). In the final stage of data gathering, we assigned 
four sources to each individual in order to evaluate them through 19 criteria based on a nine point Likert scale. 
Studies (year) Research focus Methods 
Anisseh, Dodangeh et al. (2007) Evaluation of middle managers' performance TOPSIS, ELECTERE, LA & BORDA 
Moon, Lee et al. (2010) Developing a performance appraisal and 
promotion ranking system 
Fuzzy logic & Electronic nominal 
group technique 
 -Lapresta et al. (2010b) Developing linguistic performance appraisal model Fuzzy logic 
Li, Fu et al.(2010)  Research on performance appraisal system Fuzzy logic & AHP 
 -Lapresta et al. (2010a) Developing 360-degree appraisal model Distance function mathematical model 
 Li'ang, Li et al.(2011)   Evaluation of college academic affairs 
management personnel 
AHP 
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3. Hybrid mathematical model: A framework for 360-degree appraisal  
Our proposed framework will be follows: 
3.1. Determining performance appraisal criteria 
As mentioned earlier in section 2.2, because of the necessity of 
features (also see (Jones and Bearley 1996)
who have proper knowledge about under-study organization. Weighting of criteria (in the next step) would be more 
accurate if the outputs of Delphi method had been categorized. One of the best fitted ways of classification of 
appraisal criteria (1974). 
3.2. Weighting the criteria and appraisal sources 
Since fuzzy logic enables decision makers to deal with the ambiguities of the linguistic assessment of the data 
(Mohanty, Agarwal et al. 2005), we suggest using Fuzzy AHP (Chang method (1996)) to weight both criteria and 
appraisal sources.  
3.3. Aggregating  assessments 
There are many ways to aggregate assessments of different reviewers 
al. (2010a) have proposed a mathematical programming approach as follows (Equations 1-8). It is important to note 
that this model might be used more than one time, if there are multiple appraisers for each source of evaluation: 
First, the model is used to aggregate assessments of different voter of each source. Then, it could be utilized to 
 on each appraisal criterion of every personnel, and finally to calculate final 
scores, aggregating all criteria. 
(1) 
(2) 
 
(3) 
(4) 
 
(5) 
(6) 
(7) 
(8) 
  
Where  represents the difference of assessments among sources of appraisal.  indicates weight of criteria (or 
appraisal source) .  and  represent negative and positive difference between every appraiser (or source of 
appraisal) opinion  and the aggregated score . The parameter   
minimization of the maximum lack of success and the minimization of the weighted sum of the deviation variables 
( -Lapresta et al. 2010a). It is also mentioned that the value of  
describes social principles: the government of the majority for , and the consideration to minorities for . 
3.4. Calculating the final performance scores 
     The model described in section 3.3 can minimize effect of biased assessments. H
propose that  criterion with 
respect to all appraisers. In this stage, MCDM techniques could be utilized, because the elimination of biased 
opinions in previous step. In this paper, SAW method have used. It is also possible to compare employees of 
specific level together using TOPSIS developed in 1981 (Hwang and Yoon 1981). 
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4. Results from a case study (NIPO) 
In this section we will illustrate results achieved from conducting proposed framework in a case study. First step 
provided 19 criteria in four categories. Table 2 illustrates weights of criteria for each category. Individual 
characteristics, technical and conceptual skills include 5 criteria, and interpersonal skills include 4 criteria. It is 
noticeable that weights for each level of personnel are different according to experts. The number of individuals in 
levels of NIPO (Manager, consultant, expert and administrative staff) are 1, 6, 14 and 3 persons, respectively. 
Another point is the number of criteria with 0 weights, meaning different set of criteria for each level to be evaluated 
by. Therefore, managers and expert will be evaluated by 14 criteria and consultant and administrative staff by only 
11 criteria. 
There is a problem in conducting 360-degree appraisal for top and bottom level of the organization. There is no 
subordinate in bottom level, so one source has eliminated, while top level in NIPO has been lacking two sources of 
appraisal: supervisors and peers. Here, because of the small size of organization, we consider one evaluator for each 
source. After assigning appraisers to individuals and data collection, 756 aggregation models described in section 
3.4 have formulated and run -using Lingo 13.0- to compute consensus of different appraisal sources on every criteria 
of each employee in three scenarios. We assumed  In Scenario1,  in second scenario and in third . 
Table 2. Normalized weights of criteria for various levels of NIPO 
 Individual characteristics Technical skills Interpersonal  skills Conceptual skills 
NO. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 
Man. .009 0 0 .001 .009 .007 .035 .022 .001 0 .194 .054 0 .054 .152 .202 .107 .153 0 
Con. .006 0 .009 .008 .009 .194 0 .152 .034 0 0 0 .076 0 0 .201 .107 .201 0 
Exp. .007 .01 .013 .013 .007 .147 0 0 .148 .12 0 0 .201 .023 0 .077 .069 .067 .09 
Adm. .071 .08 .065 .115 .088 .001 0 0 .038 .01 0 0 .402 0 0 0 0 .01 .03 
In the 
scenarios solving 60 models) and SAW. Table 3 illustrates difference of final results achieved by aggregation model 
and SAW. A ranking of employees in different levels resulting from TOPSIS is also indicated. 
Table 3. Comparison of performance scores of NIPO  employees on different scenarios 
E
m
ployee 
L
evel 
Aggregation  SAW TOPSIS* 
E
m
ployee 
L
evel 
Aggregation  SAW TOPSIS 
Scenario Scenario 
1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 
1 Man. .96 1 1 .98 .98 1 - - - 11 Exp. .82 .82 .88 .84 .83 .8 .54 .55 .61 
2 Con. .88 .9 1 .9 .91 1 .53 .47 .56 12 Exp. .75 .79 .75 .77 .78 .76 .57 .57 .61 
3 Con. .81 .79 .88 .78 .78 .88 .61 .71 .56 13 Exp. .72 .72 .88 .72 .73 .74 .53 .54 .50 
4 Con. .83 .83 .75 .83 .83 .75 .47 .49 .43 14 Exp. .71 .68 .63 .69 .7 .68 .45 .49 .48 
5 Con. .98 1 1 .99 1 1 .63 .63 .58 15 Exp. .69 .75 .75 .7 .7 .67 .69 .69 .74 
6 Con. .75 .88 .88 .75 .84 .86 .39 .49 .39 16 Exp. .78 .78 .63 .73 .74 .66 .62 .62 .60 
7 Con. .79 .79 .88 .8 .8 .87 0.6 .69 .72 17 Exp. .75 .85 .88 .8 .77 .77 .59 .54 .58 
8 Exp. .78 .75 1 .75 .74 .91 .65 .65 .72 18 Adm. .63 .78 .75 .62 .62 .68 .46 .46 .59 
9 Exp. .82 .85 1 .82 .81 .93 .66 .65 .66 19 Adm. .82 .85 .75 .81 .81 .73 .78 .79 .74 
10 Exp. .63 .61 .63 .6 .59 .59 .61 .62 .66 20 Adm. .59 .73 .88 .71 .7 .78 .41 .4 .29 
*: Result of TOPSIS for ranking employees of each level (local ranking). Since there is only one person in first 
level, TOPSIS result in management level is empty. 
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5. Conclusion 
In this paper, we have developed a four staged framework using various methods for 360-degree performance 
appraisal. Due to the fact that  with 
low values for , we suggested utilizing SAW method in final stage (instead of the aggregation model, especially 
with values near 1 for ). Since employees in various levels are appraised by different set of criteria, we have used 
TOPSIS separately in different levels to obtain better ranking based on  specific criteria. Results indicate that 
SAW is not only easier to solve, also gives better understanding of global performance scores. Subsequently 
TOPSIS makes better ranking of employees in different levels rather than both the aggregation model and SAW 
method. 
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